Gasoline, asbestos, and dioxin. by unknown
Today more than ever before life must be characterized by a sense of Universal responsibility,
not only nation to nation and human to human, but also human to otherforms of life.
Dalai Lama, quoted in
A Cryfrom the Forest, 1987
Foru
Shedding Light on Skin Cancer
A rare disease in which people develop skin
cancers at the mildest exposure to sunlight
may shed new light on how other environ-
mental factors produce disease in humans.
Both ultraviolet radiation from the sun
and pollutants produced from cigarettes
and fossil fuels cause damage in human
cells that may be repaired by the same set
of crucial cellular enzymes, say researchers
at the University ofTexas Medical Branch
in Galveston. At the university's Sealy
Center for Molecular Science, scientists are
focusing on a group of genes that is
responsible for repairing damage that
occurs in DNA. In its first year, the Sealy
Center has brought together the largest
group ofDNA repair experts in the United
States: 7 scientists, each with a research
staffofup to 25 people.
An example ofthe kind ofresearch fos-
tered by the center is the recent finding
published in Nature October 28. A team
led by molecular biologist Satya Prakash
uncovered the cause of one form of the
genetic disorder xeroderma pigmentosum.
Patients with the disease cannot tolerate
ultraviolet radiation. Their skin burns
severely at the slightest exposure to the
sun, they have rashes, and they suffer from
a variety of skin cancers, including mel-
anoma and basal cell carcinoma. They
generally die by
age 20.
Researchers knew that people with
xeroderma pigmentosum had a defective
gene, called XPD, but they didn't know
the role of the gene's protein. Now
Prakash and his research team, who came
to the Sealy Center from the University of
Rochester, have purified the protein and
discovered that it is a DNA helicase, whose
role is to unwind the DNA double-helix.
Now the pathogenesis of the disease
has become clear: ultraviolet radiation rou-
tinely causes base pairs in double-stranded
DNA to fuse, producing a distorting bulge.
This damage is normally detected by the
XPD enzyme as it uncoils the DNA in
preparation for other repair enzymes to
snip out and repair the damage. "But when
the enzyme is disabled, the damage
remains, and cancer likely results due to
mutations in genes that normally protect
the cell against uncontrolled growth," said
Prakash.
So far, seven genes have been identified
that act in concert to repair DNA damage.
Disease can result when mutations occur
in any ofthese genes or when environmen-
tal insult damages the action of the
enzymes. Identifying the disorders and
their triggers are the goals ofthe Galveston
researchers.
Research has shown that the same kind
ofpathway that helps to repair UV damage
is potentially in-
volved in removing
chemicals that attach to DNA such as
products of fossil fuel combustion, said
center researcher Stephen Lloyd. In these
cases, the chemicals, known as polycyclic
aromatic hydrocarbon compounds, don't
fuse DNA bases but attach directly onto
base pairs, causing distortions in the DNA.
Lloyd, who came to Galveston from
Vanderbilt University, plans to collaborate
with Prakash to determine how the cellular
repair system responds to each different
compound. He will work with Thomas
Harris, an expert in DNA synthesis, to
attach different chemicals to synthesized
DNA, after which Prakash will experimen-
tally subject the DNA lesion to the full
complement ofseven repair enzymes to see
if they can repair the damage. Researchers
can then learn ifcellular repair systems can
clear specific environmental damage. Said
Lloyd, "It will help us make predictions
about the true impact chemicals found
throughout our daily lives have on our
health."
Gasoline, Asbestos, and Dioxin
New data on the health hazards of gaso-
line, chrysotile asbestos, and dioxin were
presented at the annual conference of the
Collegium Ramazzini, an international
group of scientists dedicated to the study
ofissues ofenvironmental and occupation-
al health. The collegium, created in 1982
Sun and shadows. Scientists are studying UV damage from the sun for clues to DNA repair of damage from pollutants.
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by the late IrvingJ. Selikoffof
the Mount Sinai School of
Medicine, was established in
Carpi, Italy, to honor the
birthplace of Bernardino
Ramazzini, the founder ofthe
science of occupational medi-
cine.
At the conference, held
October 29-31, data present-
ed by Ronald Melnick of
NIEHS highlighted inconsis-
tencies and gaps in the hy-
pothesis linking accumulation
of a2u-globulin, a protein
synthesized in livers of male
rats, and gasoline-induced car-
cinogenicity in the male rat
kidney. Although the cx2u-
globulin hypothesis explains
some rat male kidney tumors
caused by some chemicals, new data sup-
port the view that alternative mechanisms
must be operating for gasoline. Cesare
Maltoni and colleagues from the Institute
of Oncology in Bologna reported that
trimethylpentane produced testicular
tumors but not kidney tumors in male rats
after lifetime exposure. In long-term stud-
ies on the new gasoline additive methyl-
tert-butyl ether (MTBE), significant
increases in lymphomas and leukemias
were observed in female rats, and testicular
tumors were increased in male rats. Larry
Andrews ofARCO chemical company also
reported significant increases in kidney
tumors and a borderline increase in testicu-
lar tumors in male rats and an increase in
liver tumors in mice as a result ofexposure
to MTBE. The role ofa2u-globulin in the
induction ofkidney tumors by MTBE was
seriously questioned, however, because
a2u-globulin was not detected in protein
droplets present in the kidneys ofmale rats
treated with MTBE.
The collegium reaffirmed its position
that chrysotile asbestos is a cause ofcancer,
based on well-documented animal and
human studies that have consistently
demonstrated lung cancer and mesothe-
lioma after exposure. No safe levels of
exposure to any type ofasbestos have been
found. Yasunosuke Suzuki of the Mount
Sinai School ofMedicine pointed out that
lung burden analyses are not satisfactory
indicators ofexposure or carcinogenic risk
because chrysotile fibers can translocate
from the lung to the mesothelium. To pro-
tect public health and prevent diseases
caused by chrysotile, the collegium recom-
mends that asbestos not be used in the
future and be removed where appropriate.
In the session on pesticides and dioxin,
Mary Wolff, also of the Mount Sinai
School of Medicine, reported an associa-
tion between blood levels of organochlo-
6 U
E
Killing the messengers. Carbon disulfide and hexane damage nerves bycausing
swellings of neurofilaments and degeneration of nerve axons.
rine residues and increased risk of breast
cancer. Many ofthese environmental con-
taminants may cause adverse biological
effects through estrogenlike activities. Ellen
Silbergeld of the University of Maryland
described the mechanistic link between
receptor-mediated changes in gene expres-
sion and multiple toxic effects induced by
dioxin. Pier Alberto Bertazzi of the
University of Milan presented a 10-year
follow-up ofepidemiological data showing
increases in several cancers resulting from
the accidental release of dioxin in Seveso,
Italy, in 1976.
The 1993 Ramazzini Award was pre-
sented to Suzuki for his contribution to the
scientific knowledge on the pathology of
mesotheliomas among asbestos-exposed
workers. The proceedings of the confer-
ence will be published in a 1994 issue of
the RamazziniAnnah.
Hexane and Carbon Disulfide
The solvents n-hexane and carbon disulfide
are commonly used in industrial settings
around the world. Although chemically
different, both solvents can result in identi-
cal damage to the human nervous system
characterized by the initial development of
large swellings and subsequent degenera-
tion of the distal axon, the part of the
nerve that sends messages to other cells.
Under a grant from NIEHS, re-
searchers Doyle Graham, Venkataraman
Amaranth, and William Valentine ofDuke
University Medical Center, and Sally Pyke
and Douglas Anthony ofHarvard Medical
School have detailed the mechanism by
which these chemicals damage neurons. In
the process, they have also identified a red
blood cell protein that can serve as a bio-
marker for exposure.
n-Hexane is used primarily as a glue
solvent in the furniture and shoe indus-
tries. Before widespread knowl-
edge of the danger of this
chemical, facilities were often
poorly ventilated, and workers
inhaled the vapors throughout
the workday. The neurotoxicity
ofn-hexane was initially discov-
ered in 1964 among Japanese
workers, and later among work-
ers in Italy, Morocco, France,
and the United States. Neuro-
toxicity has also been observed
in youths in various countries
who intentionally sniff glue to
get high.
Carbon disulfide has been
used since the early nineteenth
century as a solvent in the man-
ufacture of sulfur matches and
in the extraction of fats. More
recently, it was used in the cold
vulcanization of rubber, and today it is
used in converting cellulose into rayon
fiber and cellophane.
The symptoms of hexane and carbon
disulfide neurotoxicity are numbness ofthe
toes and fingers, followed by loss ofsensa-
tion in the feet and hands, loss of distal
reflexes, and weakness ofthe intrinsic mus-
cles of the feet and hands. Studies of
peripheral nerve biopsies typically reveal
paranodal axonal swellings, retraction of
myelin, the fatty substance that sheaths
nerve fibers, from cerain nodes, and degen-
eration of the distal axon. The axonal
swellings have been shown by electron
microscopy to contain disordered masses
of neurofilaments. After exposure ceases,
sensory and motor functions continue to
decline for one to four months, followed
by recovery. The degree of recovery is
inversely related to the severity ofthe neu-
ropathy, and is complete in mild cases.
Over the past 20 years, studies in a
number of laboratories have revealed the
sequence ofmolecular events that result in
damage from n-hexane and carbon disul-
fide exposure. For both animal and human
subjects, it has been observed that long
axons are more vulnerable than short ones,
reflecting the greater number ofaxonal tar-
gets for injury with each increment of
axonal length.
n-Hexane is metabolized in the liver to
y-diketone, 2,5-hexanedione (HD)-its
ultimate toxic metabolite. Early studies by
Valentine and colleagues demonstrated
intramolecular and intermolecular cross-
linking ofproteins after incubation with y-
diketones. Given the stability ofneurofila-
ments in the axon and their slow rate of
transport to the site of hydrolysis of pro-
teins at the synapse where simpler, more
soluble products are formed, researchers
hypothesized that neurofilament cross-
linking was the central, underlying event
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